Over the past 20 years, the systemic treatment of malignancies has altered from being based almost entirely on the use of classical DNA-damaging cytotoxic chemotherapy drugs to a situation where currently the large majority of new cancer treatment drugs have completely different mechanisms of action ([@bib11]).

The arrival of these new therapeutic drugs has led to important improvements in patient care with increasing response rates, longer durations of benefit and enhanced overall survival, all generally achieved with favourable side-effect profiles ([@bib1]; [@bib12]; [@bib8]).

Alongside these important developments in clinical care, there has also been an increasing debate regarding the rising costs of the new cancer treatments and how they can be met. This debate on the delivery and funding of optimal modern care to patients in both insurance-based systems and state-funded models is ongoing and featuring more in the political and clinical arenas ([@bib7], [@bib15]; [@bib2]; [@bib14]; [@bib5]).

At present, there is relatively little structured information on how the nature of new cancer treatment has changed, the increasing overall benefits from new treatments and the detailed economic issues relating to provision of care. Previously, in 2010, we published a paper that examined all of the drugs available for the treatment of solid tumours in UK practice from 1955 to 2009, looking at the years of introduction and the relative costs of a standard course of therapy ([@bib13]). The study documented the rising numbers of new drugs, the changes in the types of drugs arriving and demonstrated the rising costs of treatment. Other additional studies have also looked at the similar costs in other countries with similar findings ([@bib4]; [@bib6]).

In the 5 years since 2009, there have now been a total of 33 further new cancer therapy drugs introduced and as a result the management of many malignancies has significantly changed and outcomes improved. Alongside this progress, there has also been an increasing debate within the clinical world and government on how these increasing costs of modern cancer care are to be addressed ([@bib15], [@bib3]).

In this 5-year update paper, we have aimed to provide extended information on the numbers of new drugs introduced, their therapeutic classes, the first licenced indication, the median duration of treatment and the relative costs of treatment measured against the contemporary UK GDP per capita at the time of introduction. The data on the timing of a drugs initial sale and the exact costs are taken from the UK market, where the timing of first drug sales and economic data is readily available. However, it is likely that the overall results regarding the drugs characteristics and the economic costs will be similar across most of the major developed countries. The information in this update may be helpful in reviewing the historical trends in cancer therapeutic developments and comparing changing economic issues in cancer care delivery over time.

Methods
=======

Drugs
-----

The drugs included in the study are the therapeutic agents where the first indication at the time of their introduction was for the treatment of solid tumours or haematological malignancies. Supportive drugs such as anti-emetics, growth factors and drugs that are used in cancer treatment but previously available for non-malignant indications, such as corticosteroids, bisphosphonates and denusomab, are not included. In addition, the radioactive agents, including Ibritumomab tiuxetan and Strontium-89, and the two photodynamic therapy agents, Temporfin and Porfimer, are not considered within the scope of this article in view of the specialized facilities needed for their administration.

The classification of the drugs into their therapeutic groups is modelled on that in the British National Formulary (BNF) with minor modification.

The year of the initial sale of the drugs was obtained from review of historical copies of the BNF, which has been published since 1949 with regular six monthly updates introduced from 1981 onwards. The information on the initial selling price of the various drugs was obtained from the BNF, which has contained detailed information on UK retail drug prices since 1987. For the drugs introduced before this, the accurate information relating to the initial selling price was difficult to obtain retrospectively and as a result these have not been included in the economic analysis.

Doses
-----

The doses employed are set using a body surface area of 1.75 m^2^ or weight of 75 kg as appropriate. An exception was made for Clofarabine and Mifamurtide, both drugs where the major indication is in paediatric oncology. For these a body surface area of 1.33 m^2^ was used, which corresponds to that of the median age (13 years) of the patients treated. This study did not take into account any potential dose reductions or treatment delays that may have occurred during the course of treatment.

Duration of administration
--------------------------

The data on the median duration of administration of each new drug are generally taken from the data published reporting the pivotal trials leading to the drugs licensing. In a few cases, data on the median duration of administration were not available and the data on progression-free survival or time to treatment failure were taken as a surrogate measure of the median duration of administration.

Of note, the dose and schedule used in this study relate to the original indication and protocol that was in use at the time of initial introduction. The updated and more modern treatment schedules and in the case of some drugs the most frequent indication may now be significantly different.

Economic analysis
-----------------

The assessment of the relative drug costs is based on both the nominal cost per day averaged during the cycle of treatment and the overall cost of the therapy based on the median duration of administration. The daily treatment dose and cost were calculated by dividing the total dose per cycle by the number of days in that cycle. Alternatively, for drugs used in continuous daily administration, the standard daily dose is used.

For the calculations of the total dose and cost of the average course of treatment of a new drug, the data on the median length of administration were used to compute the total dose of drugs therapy required during this representative course of therapy. For simplicity, in cyclical therapies, the total dose administered was based on the notional daily dose multiplied by the median number of days on treatment rather than being strict multiples of complete cycles.

For the economic assessments, no consideration was taken for vial/pack size associated with delivering each individual cycle of therapy. The total dose or number of tablets for each drug for the entire course of treatment was calculated as a single figure and a simple arithmetic cost calculated based on the cost of the multiples and fractions of the most economic drug pack size available.

In the case of new drugs initially used as part of a combination therapy, only the cost of the new agent within the combination is assessed. No drug administration, supporting medical therapies, pharmacy or nursing support costs are included in the economic analysis.

For the economic comparators, the annual value of the GDP per capita in the United Kingdom was used ([@bib10]). The actual cost of the drug per day and for the median duration course of treatment is shown as a percentage of the daily or annual UK GDP per capita in the year of the drug\'s introduction.

Results
=======

The full data set is shown in [Supplementary Information](#sup1){ref-type="supplementary-material"}.

The data on the first appearance of cancer treatment drugs in the BNF are shown in [Figure 1](#fig1){ref-type="fig"}. The trend in the numbers of new drugs in the 5-year periods indicates that since the first cancer treatment drugs were introduced in the 1950s, there have been a total of 132 cancer therapy drugs introduced. Overall, this gives an average of 11 drugs per 5-year period, however, it is clear that the pace of successful drug development and licencing has increased significantly over the past 20 years with values of 18, 12, 18 and most recently 33 for the 5-year periods from 1995 to 2014.

In [Table 1](#tbl1){ref-type="table"}, the therapeutic classifications of the new cancer drugs initially listed in each of the 5-year periods is demonstrated. As can be seen, classical cytotoxic chemotherapy drugs historically form the largest group with a total of 64 agents. However, it is now clearly apparent that the rate of arrival of new classical cytotoxic drugs has slowed dramatically with only 10 agents launched in the past 10 years. In contrast, the most frequent type of new cancer drug is now the kinase inhibitors with 19 new agents in the past 10 years, whereas monoclonal antibodies are now the third most frequent class of new drug with 8 new agents since 2005.

In [Table 2](#tbl2){ref-type="table"}, the initial therapeutic indication of the new cancer drugs introduced since 1990 is demonstrated. Overall, of the 89 new drugs subsequently introduced, the highest total number are for breast cancer (13), colorectal cancer (10) and prostate cancer (9). In contrast over the past 10 years, the highest number of new drugs for any single indication is now for renal cancer (6), a diagnosis that had only one new drug introduced in the preceding 15 years.

In [Table 3](#tbl3){ref-type="table"}, the median durations of treatment for the new drugs introduced in each of the 5-year periods from 1995 to 1999 onwards are demonstrated. These data are taken from the key licencing studies or for the older drugs a relevant contemporary study. As can be seen in [Table 3](#tbl3){ref-type="table"}, the average of the median durations of administration for the new drugs licenced in each period has increased significantly from 181 days in 1995--1999 to 263 days in 2010--2014.

This increase is more clearly shown in the second column that shows the mean data from these periods with the multiple clinically highly similar GnRH drugs removed. The data with the multiple GnRH agents removed show the average median duration of administration to have risen from 118 days in 1995--1999, to 181 in 2000--2004, to 211 in 2005--2009 and now to 263 in 2010--2014.

The absolute historical costs and the relative costs compared with the contemporary GDP per capita for both per day during treatment and for the median duration of treatment are shown in [Table 4](#tbl4){ref-type="table"}. This demonstrates the median cost of treatment has risen with each of the 5-year periods since 1995. The daily cost while on treatment has risen from £33.25 (82.6%) in 1995--1999 to £160.34 (235.1%) in 2010--2014. In the second column, the average cost of the median duration of therapy shows a similar but more rapid rate of increase rising from £3037 (20.6%) in 1995--1999 to £20 233 (89.0%) in 2005--2009 and continuing the rise to £35 383 (141.7%) for 2010--2014. The faster rate of rise of the average total costs of therapy is a product of the increasing median duration of therapy, which has increased from 118 days to 263 days during this period as shown in [Table 3](#tbl3){ref-type="table"}.

Discussion
==========

Over the past 20 years, the systemic therapy of cancer has been an area of great scientific and clinical research and patient care and outcomes have improved significantly ([@bib11]). A measure of this progress can be seen in the increasing numbers of new therapeutic drugs that have been introduced over the period as shown in [Table 1](#tbl1){ref-type="table"}. Of the total of 132 cancer therapeutic drugs, which have been listed in the BNF, 33 (25%) of them have been introduced in the past 5 years and 51 (39%) in the past 10 years.

In addition to this significant increase in the numbers of new drugs, the therapeutic classification of the newly arriving agents has also changed dramatically during this period. Before 2000, there were a total of 69 cancer treatment drugs of which 50 (72.5%) were classical cytotoxic agents. In the past 15 years, the total number of drugs has now increased to 132 but of the 63 new agents only 14 (22%) have been classical cytotoxics, whereas 20 (32%) are kinase inhibitors and 12 (19%) are monoclonal antibodies. It is likely that this shift from classical cytotoxic drugs to new targeted agents will further increase as already seen in the 2010--2014 figures, as there appears to be relatively little therapeutic gain from these cytotoxics compared with existing therapies. In contrast, the impact of therapies that target tumours via alternate and novel pathways has been dramatic with TKI therapies revolutionising the treatment of CML and renal cancer and the addition of monoclonal antibodies to standard chemotherapy significantly improving cure rates in non-Hodgkin\'s lymphoma and in the adjuvant treatment of breast cancer.

The data on the initial indication for the new drugs are shown in [Table 3](#tbl3){ref-type="table"} with a summary of the tumour types for the drugs introduced since 1990. Historically, the tumour types that have the largest numbers of drugs are the common malignancies of breast cancer (13), colorectal cancer (10) and prostate cancer (9) reflecting the scale of research for these common malignancies and the large number of patients eligible for treatment. In contrast over the past 10 years, the majority of drugs have been initially licensed for generally rarer conditions, including renal cancer (6) lymphoma (5) and CML (4), which is a reflection of the targeted nature of these drugs and the success of modern science in exploiting these pathways.

The overall median duration of therapy with new cancer drugs has increased with each 5-year period rising from 118 days in 1995--1999 to now 263 days for the new drugs introduced in 2010--2014. Although it is to be expected that new drugs are better and work for longer than older drugs, this rising figure also has two associated factors. The first is that the majority of new cancer drugs treatments are now no longer taken for a prescribed standard number of cycles, as was generally the case for classical cytotoxics. The majority of the new drugs are now taken continuously until progression. The other important factor is that many of the new drugs are not replacing earlier therapies but are now being taken sequentially after previously established therapies to give multiple lines of therapy. The situation in kidney cancer shows this as a good example, where 10 years ago there was only minimal benefit from interferon, the only drug available for most patients, the treatment course for current patients with metastatic disease could now be Sunitinib or Pazopanib first line, followed by Axatinib and then by Everolimus. Similarly, for patients with CML can now have first-line treatment with Imatinib and the further effective TKI therapy with Dasatinib. In both cases, these sequential treatments are supported by NICE and usually routinely NHS funded.

The increase in the number of cancer patients and the recent rapid expansions in the range, number and costs of their drug treatments are causing stress to government, insurers and patient\'s health costs worldwide.

The data in [Table 4](#tbl4){ref-type="table"} give updated information on the average costs of modern cancer treatment first licenced since 1995. Although the actual cost to the NHS may for some drugs be reduced by confidential discounting schemes, it is apparent from the recommended price data that the cost per day during treatment has risen significantly, in both direct cost and relative to the contemporary UK GDP per capita. The average cost per day on treatment has risen from £33.25 (82.6%) in 1995--1999 to now £160.34 (235.1%) in 2010--2014. In parallel, the average figures for the cost of the median duration course of treatment are significantly impacted by the rising duration of administration that has more than doubled during this period. As a result, the costs of the total course of treatment has risen even more significantly with an approximately seven-fold increase compared with per capita GDP from £3037 (20.6%) in 1995--1999 to now £35 383 (141.7%) in 2010--2014.

The management of cancer patients has been changing significantly over the past two decades and this pace is reflected clearly in the record number of new cancer drugs arriving in the past 5 years with a total of 33 new agents. The scale of oncology research and the great advances made in the understanding of the processes occurring in tumour cells and how they can be targeted makes it likely that similar or greater numbers of new drugs will arrive over the next 5--10 years. As can be seen the shift from cancer being treated with fixed courses of classical cytotoxics to prolonged therapy with new agents is already being reflected in the change in the classification of the new drugs now favouring kinase inhibitors and monoclonal antibodies and this success is reflected in the rising average length of administration and clinical benefit.

This dramatic increase in the nature and the benefits from the new treatments has been associated with significantly rising costs, which alongside the direct pharmacy costs also contains significant increases in costs for medical supervision, imaging and costs related to the management of toxicity and side effects ([@bib9]) It is apparent the financial costs in delivering these advances in care are becoming increasingly challenging worldwide.

It is hoped the data in this paper may of interest to those interested in the history and development of cancer treatment and may also help support the debate on future funding for cancer treatment.

[Supplementary Information](#sup1){ref-type="supplementary-material"} accompanies this paper on British Journal of Cancer website (http://www.nature.com/bjc)
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![**Numbers of new cancer treatment drugs introduced to UK practice from pre-1960 to 2014 viewed in 5-year periods.**  ](bjc201556f1){#fig1}

###### Classification of the cancer treatment drugs introduced in each 5-year period from 1985 onwards

                                              **Pre 1985**   **1985--1989**   **1990--1994**   **1995--1999**   **2000--2004**   **2005--2009**   **2010--2014**   **Total**
  ------------------------------------------- -------------- ---------------- ---------------- ---------------- ---------------- ---------------- ---------------- -----------
  Classical cytotoxic                         31             4                4                11               4                4                6                64
  Hormonal agents                             3              ---              2                4                2                ---              3                14
  Cytokines                                   ---            1                1                ---              ---              ---              ---              2
  Peptides                                    ---            3                1                2                ---              1                1                8
  Monoclonal antibody                         ---            ---              ---              1                3                2                6                12
  Kinase inhibitor                            ---            ---              ---              ---              1                6                13               20
  mTor inhibitor                              ---                                                                                1                1                2
  Proteosome inhibitor Thalidomide analogue   ---            ---              ---              ---              1                2                1                4
  Others                                      ---            1                ---              ---              1                2                2                6
  Total                                       34             9                8                18               12               18               33               132

Abbreviation: mTor=mammalian target of rapamycin.

Peptides includes GnRH and Somatostatin derivatives; kinase inhibitors includes Tyrosine, JAK and Hedgehog inhibitors.

###### The initial tumour site indication of new cancer treatment drugs introduced since 1990

  **Indication**    **1990--1994**  **1995--1999**    **2000--2004**  **2005--2009**    **2010--2014**  **Total**
  ---------------- ---------------- ---------------- ---------------- ---------------- ---------------- -----------
  Adrenal                ---        ---                    ---        1                      ---        1
  Ascites                ---        ---                    ---        ---                     1         1
  BCC                    ---        ---                    ---        ---                     1         1
  Bladder                ---        ---                    ---        ---                     1         1
  Breast                  1         5                       3         1                       3         13
  Carcinoid              ---        1                      ---        ---                     1         2
  CLL                    ---        1                       1         ---                    ---        2
  CML                    ---        ---                     1         2                       2         5
  CNS                    ---        1                      ---        ---                    ---        1
  Colorectal             ---        2                       4         2                       2         10
  Haem other             ---        ---                    ---        1                       1         2
  Leukaemia               3         1                      ---        2                       1         7
  Lung                   ---        ---                     1         1                       3         5
  Melanoma               ---        ---                    ---        ---                     3         3
  Myeloma                ---        ---                     1         2                       1         4
  Lymphoma               ---        1                       1         1                       4         7
  Ovary                   1         3                      ---        ---                               4
  Pancreas               ---        1                      ---        ---                               1
  Prostate                2         2                      ---        1                       4         9
  Renal                   1         ---                    ---        3                       3         7
  Sarcoma                ---        ---                    ---        1                       1         2
  Thyroid                ---        ---                    ---        ---                     1         1
  Total                   8         18                      12        18                      33        89

Abbreviations: BCC=basal cell carcinoma; CLL=chronic lymphocytic leukaemia; CML=chronic myelogenous leukaemia; CNS=central nervous system.

###### Average of the median duration of administration for the new cancer drugs introduced from 1995 to 2014 shown in 5-year periods

                **Average median duration of administration (all new drugs)**   **Average median duration of administration (new drugs excluding GnRH**)
  ------------ --------------------------------------------------------------- --------------------------------------------------------------------------
  1995--1999                              181 days                                                              118 days
  2000--2004                              181 days                                                              181 days
  2005--2009                              260 days                                                              211 days
  2010--2014                              263 days                                                              263 days

Abbreviation: GnRH=gonadotropin-releasing hormone.

###### Economic analyses of cancer new drugs introduced from 1995 to 2014

               **Average cost per day on treatment (% of daily GDP per capita)**   **Average cost per median duration of treatment (% of annual GDP per capita)**
  ------------ ------------------------------------------------------------------- --------------------------------------------------------------------------------
  1995--1999   £33.25 (82.6%)                                                      £3037 (20.6%)
  2000--2004   £49.66 (97.3%)                                                      £7973 (43.4%)
  2005--2009   £143.70 (233.4%)                                                    £20 233 (89.0%)
  2010--2014   £160.34 (235.1%)                                                    £35 383 (141.7%)

Abbreviation: GDP=gross domestic product.

The average of the median cost of treatment with the new agents introduced in each 5-year period is shown as the contemporary actual cost figure and as a percentage of the UK GDP per capita in the first year of listing in the British National Formulary.
